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Comparison  of  ionospheric  Scintillation  Statistics 
From  the  North  Atlantic  and  Alaskan  Sectors 
of  the  Auroral  Oval  Using  the  Wideband  Satellite 


I.  INTRODUCTION 

hi  recent  yours,  measurements  using  different  techniques  have  shown  that  the 
earth's  Ionosphere  contains  electron  density  irregularities  covering  muny  decades 
of  scale  sizes.  By  using  different  techniques  to  probe  the  irregularities  much 
progress  huo  been  achieved  in  the  understanding  of  equatorial  irregularities  that 
can  produce  the  largest  effects  on  trunslonospherlc  propagation.  Such  correlated 
studies  that  combine  equatorial  selntUlutlon  measurements  with  rocket  and  satel¬ 
lite  in  situ,  radar  and  ntrglow  observations  huve  been  reviewed  (Busu  and  Kelley, 
1970  ;  Busu  and  Busu,  1981^).  While  the  mugnltude  of  the  amplitude  and  phase 
perturbations  of  the  signal  is  the  largest  at  the  equator,  the  high-latitude  environ¬ 
ment  c.ertulnly  affects  the  propagation  channel  for  a  much  larger  percentage  of 
time.  The  object  of  this  report  is  to  describe  the  morphology  of  medium-scale 
Irregularities  (tens  of  km  to  few  hundred  m)  In  two  sectors  of  the  uuroral  oval  us 
obtained  from  phase  and  amplitude  scintillation  measurements  at  138  MHz  using 
the  orbiting  Wideband  satellite.  It  has  been  well-known  for  over  a  decade  that 

(Received  for  publication  15  September  1981) 

1.  Basu,  S.  and  Kelley,  M.C.  (1979)  A  review  of  recent  observations  of  equa¬ 

torial  scintillations  and  their  relationship  to  current  theories  of  F-reglon 
irregularity  generation,  Radio  Set.  14:471. 

2.  Basu,  S.  and  Basu,  S,  (1981)  Equatorial  scintillations  -  a  review,  J.  Atmos, 

Terr.  Phys.  43:473.  - 
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amplitude  scintillations  can  degrade  the  performance  of  satellite  communication 
links  (Aarons  et  al,  1999  j  Aarons  and  Allen,  1971  ).  More  recently,  It  has 
become  clear  that  naturally-occurring  phase  scintillation  can  Impair  the  perform¬ 
ance  of  satellite  systems  that  use  synthetic  aperture  processing  to  achieve  high 

5 

angular  resolution  (Brown,  1979  ). 

In  view  of  the  simplicity  of  amplitude  measurements,  there  exists  a  relatively 
good  global  coverage  of  such  observations.  On  the  other  hand,  phase  scintillation 
measurements  have  been  quite  sparse  because  phase  cohei  ant  transmissions  and/ 
or  complex  receiving  systems  are  required.  The  first  phase  measurements  were 
made  by  utilizing  the  150-  and  400-MHz  transmissions  from  the  U.S.  Navy  navi¬ 
gation  system  of  satellites.  In  this  experiment,  the  characteristics  of  phase  scin¬ 
tillation  at  VI1F  with  respect  to  the  UIIF  frequency  were  determined  for  a  sub- 
auroral  location  (Wand  and  Evans,  1975  s  Crane,  1979  ),  Since  the  launch  of  the 
orbiting  Wideband  satellite  In  May,  1079,  Sill  International  has  utilized  the  phase 
coherent  transmissions  (10  spectral  lines  between  VHP  and  S-band)  to  make  phase 
scintillation  measurements  al  VHP,  UUP,  and  L-band  with  reference  to  S-band 
transmissions  that,  under  most  conditions,  remain  unperturbed  by  the  Ionosphere. 
The  Instrument  characteristics  and  initial  data-processlng  procedures  have  been 
described  by  Fromouw  et  al  <  1078).  0 

Morphological  studies  of  phase  and  amplitude  scintillation  from  Poker  Flat 
(95°  Invariant  lnllt.,do)  for  the  period  1979-79  have  been  presented  by  Hino  and 
Mntthews  (10U0)!)  and  Fromouw  el  al  (1980),  10  The  most  important  feature  In 


3.  Aarons,  J,,  Mullen,  J.P. ,  and  Whitney,  11.  E.  (1999)  The  scintillation 

boundary,  J,  Geophys.  ties.  74;8B4. 

4.  Aarons,  J.  und  Allen,  11.  S.  (1971)  Scintillation  boundary  during  quiet  and 

disturbed  magnetic  conditions,  J,  Geophys.  Hos.  79:170.  AFCRL-71-0101, 
AD  710  923.  - - 

5.  Brown,  W.  D.  (1979)  Effects  of  atmospheric  Induced  phase  errors  In  synthetic 

aperture  radar,  Report  SAND79-0520,  Sandla  Laboratory,  Albuquerque. 

New  Mexico. 

9.  Wand,  R.  H,  and  Kvans,  J.V.  (1975)  Morphology  of  Ionospheric  scintillation  In 
the  auroral  zone,  Proceedings  of  Symposium  on  Effect  of  the  Ionosphere  on 
Space  Systems  and  Communications.  J.  M.  Goodman  (ed.).'U.S,  Govt. 
Printing  QTflce,  Washington,  D.  C. 

7.  Crane,  R.K.  (1970)  Spectra  of  ionospheric  scintillation,  J.  Geophys.  Res, 

8L2041.  - 

8.  Fremouw,  E.J.,  Leadabrand,  R.L. ,  Livingston,  R.C.,  Cousins,  M.D., 

Rlno,  C.L.,  Fair,  B.C.,  and  Long,  R.A.  (1978)  Early  results  from  the 
DNA  Wideband  satellite  experiment  -  complex-signal  scintillation, 

Radio  Set.  _13:107-187. 

9.  Rlno,  C.  L.  and  Matthews,  S.J,  (1980)  On  the  morphology  of  auroral  zone 

radio  wave  scintillation,  J.  Geophys.  Res,  85:4139. 

10.  Fremouw,  E.J.,  Lanslnger,  J.  M. ,  and  Miller,  D.A.  (1980)  Further  geo¬ 
physical  analyst*  of  coherent  satellite  scintillation  data.  Annual  Report. 
PD-NW-81-237R.  Contract  No.  F49820-78-C-0014,  Physical  Dynamics, 
Inc.,  bellevue,  Washington. 
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the  nighttime  phase  and  amplitude  data  reported  by  these  authors  ts  the  existence 
of  a  geometric  enhancement  caused  by  the  presence  of  sheetllke  irregularities 
aligned  with  the  magnetic  L-shells  in  the  auroral  oval  (Fremouw  et  al,  1977**; 

Rlno  et  al,  1978*“*).  However,  no  seasonal  variation  was  found  as  shown  in 
Figure  1  (Fremouw  and  Lnnsinger,  1979*'*). 

On  the  other  hand,  as  shown  in  Figure  2,  nighttime  amplitude  scintillation 
data  from  ATS-3  taken  at  Narssarssuaq,  Greenland  (350  km  sublonosphertc  inter¬ 
section  at  04°  invariant  latitude,  very  close  to  Goose  Bay  overhead)  had  shown  a 
consistent  seasonal  pattern  with  the  occurrence  and  magnitude  of  scintillations 
being  high  in  the*  summer  and  low  during  the  winter  solstice  (Basu,  1975  ;  Basu 

and  Aarons,  1980*5).  Basu  (1975)**  had  established  that  this  seasonal  behavior  of 
scintillations  during  quiet  times,  namely  a  winter  minimum  and  summer  maximum, 
is  in  close  agreement  with  the  variation  of  the  auroral  electrojet  index  AL  (DbvIb 

and  Sugiurn,  19li(i*(’)  in  the  same  sector  of  the  auroral  oval.  Following  the  sug- 
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gestion  of  Boiler  and  Stolov  (1970,  1974  )  it  was  proposed  by  Basu  that  the  vary¬ 

ing  geometry  of  the  plasma  sheet  with  the  dipole  tilt  angle  may  cause  a  seasonal 
modulation  of  particle  precipitation  and,  hence,  of  scintillations.  If  this  hypothesis 
is  correct,  no  such  marked  seasonal  variation  should  be  observed  in  the  Alaskan 
and  Scandinavian  sectors  of  the  oval.  Thus,  it  Is  encouraging  to  note  that  no 
marked  seasonal  variation  was  observed  in  the  Alaskan  sector. 

It  was  hoped  that  a  Wideband  station  In  the  North  Atlantic  sector  of  the  oval 
would  determine  whether  the  seasonal  variation  shown  by  the  amplitude  scintillation 
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Figure  1,  Seasonal  Variation  of  Amplitude  Scintillation 
in  the  Alaskan  Sector  as  Obtained  from  Wideband  Data 
Taken  at  Poker  Flat,  Alaska 
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Figure  2.  Seasonal  Variation  of  Amplitude  Scintillations  In  the  North  Atlantic 
Sector  as  Obtained  from  ATS-3  Data  Tnken  at  Narssarssuai),  Greenland 


is  also  observed  in  the  phase  scintillation  data.  Furthermore,  the  data  would  be 
able  to  confirm  the  existence  of  sheetlike  irregularities  observed  most  noticeably 

in  the  phase  data  in  the  Alaskan  sector.  On  the  basis  of  amplitude  scintillation 

1 9 

data  from  the  North  Atlantic  sector  Martin  and  Aarons  (1977)  ‘  had  earlier  postu¬ 
lated  the  existence  of  sheetllke  irregularities. 

19.  Martin,  F.  and  Aarons,  J.  (1977)  F -layer  scintillations  and  the  aurora. 

J.  Geophys.  Res.  82:2717-2722.  AFGL-TK-77-0182,  ADA043  G23. 
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With  the  above  dual  objectives  In  mind,  modified  Wideband  receivers  known  as 
the  Micro-Wideband  system  started  operation  In  January,  1979,  at  Goose  Bay, 
Labrador  and  at  Anchorage,  Alaska,  so  that  a  comparison  of  scintillation  behavior 
In  the  two  sectors  on  same  days  could  be  made,  Table  1  gives  the  geographic  and 
magnetic  coordinates  of  the  two  stations.  It  was  hoped  that  Anchorage  being  a  few 
degrees  lower  In  latitude  than  Poker  Flat  would  be  better  able  to  resolve  the 
plasmasphertc  component  of  scintillations  that  was  observed  at  low  elevation 

Q 

angles  to  the  south  of  Poker  Flat  (Rlno  and  Matthews,  1980  ).  It  had  been  pro¬ 
posed  to  keep  the  Goose  Bay  Wideband  station  operational  to  provide  a  long-term 
comparison  with  Poker  Flat  data.  Unfortunately  the  failure  of  the  Wideband  satel¬ 
lite  early  In  August,  1979,  terminated  the  Goose  Bay  measurements  only  after  an 
approximately  six-month  operation  while  the  Anchorage  receiver  was  operated 
from  January  to  April,  1979.  It  Is  this  limited  data  set  from  these  two  Btatlons 
that  will  form  the  basis  of  the  report.  The  positions  of  Goose  Bay  with  respect 
to  the  Q-3  auroral  oval  at  midnight  and  noon  are  shown  in  Figure  3  on  an  Invariant 
latitude— magnetic  local  time  grid.  From  Table  1  we  find  that  Anchorage  Is  about 
4°  further  »quatorward  of  the  Goose  Bay  position  so  that  It  Is  south  of  the  auroral 
oval  at  midnight  even  for  moderate  magnetic  act.’ Uy  (Q~3). 


Table  1.  Goose  Bay  nnri  Anchorage  Coui  -Unates 


Geographic 

Coordinates 

Invariant  Latitude 

L  Value 

Goose  Bay 

53, 3°N;  (10.  3°W 

(14.  17° 

5.2 

Anchorage 

<il.2°N;  149.  9°W 

(10.44° 

_ 1 

4.  11 

2.  RKCKIVING  8YSTKM 


The  Micro-Wideband  system  differs  from  the  original  Wideband  system  In 
that  it  receives  only  the  four  lowest  coherent  frequencies  of  the  Wideband-beacon 
satellite:  138  MHz,  378  MHz,  390  MHz,  and  402  MHz.  By  locking  onto  the 
402-MHz  signal  and  synthesizing  the  necessary  references  In  the  receiver,  both 
phase  and  amplitude  measurements  can  be  made  at  the  three  lower  frequencies. 
To  do  this,  the  quadrature  components  of  the  signal  at  each  of  these  frequencies 
are  recorded  as  a  function  of  time,  and  each  record  Is  digitized  at  the  rate  of 
100  samples  per  sec  (Livingston,  197920). 


20,  Livingston,  R.C.  (1979)  Micro-Wideband  analysis  summary  output —Wideband 
beacon,  Technical  Memorandum.  SRI  International,  Menlo  Park, 

Caltfo  rn(n.  ~ 
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GOOSE  BAY 
NOON 


AURORAL  OVAL 

(Feldsteln  1967)  |  MAGNETIC  LOCAL  TIME^ 


Figure  3.  The  Position  of  the  Goose  Bay  Station 
at  Magnetic  Midnight  and  Noon  with  Respect  to  the 
Q-3  Auroral  Oval 


U 

As  with  the  original  Wideband  data  (Fremouw  et  al,  1978  ),  the  generation 
of  summary  statistics  is  preceded  by  separating  the  long-term,  deterministic 
trend  from  tile  scintillation  components.  This  is  done  by  initially  smoothing  the 
intensity  and  phase,  using  a  (i-pole,  low-pass  Butterworth  filter  with  a  cutoff  of 
0.  1  Hz.  The  smoothed  phase  is  subtracted  from  the  taw  phase,  while  the  raw 
intensity  is  divided  by  the  smoothed  intensity.  This  results  in  a  continuous  data 
record  of  zero  mean  phase  and  unity  mean  intensity.  The  detrending  process  has 
little  effect  on  the  intensity  spectrum,  which  is  already  cutoff  by  the  ionosphere 
at  frequencies  higher  than  0,  1  list  by  Fresnel  filtering.  Any  low  frequency 
trends,  such  as  antenna  pattern  variations,  are  removed.  The  phase  spectrum, 
on  the  other  hand,  displays  large  spectral  intensities  ai  frequencies  well  below 


21.  Feldsteln,  Y.l.  and  Starkov,  G.V,  (1967)  Dynamics  of  auroral  belt  and  polar 
geomagnetic  disturbances.  Planet.  Spare  Sri.  15:209. 
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the  0.  1  Hz  cutoff.  Following  the  SRI  convention,  fluctuations  that  occur  In  the 
domain  greater  than  0.  1  Hz  are  called  scintillation  and  those  less  than  0,  1  Hz 
are  called  trend.  These  definitions  are  arbitrary,  but  convenient. 


3.  DEFINITION  OF  STATISTICAL  PARAMETERS 

In  this  section  the  different  parameters  that  quantize  the  phase  and  amplitude 
scintillation  measurements  will  be  defined  so  that,  particularly  In  the  case  of 
phase  measurements,  the  effects  of  the  data  filtering  on  the  phase  scintillation 
magnitudes  may  be  understood.  The  terminology  and  method  of  calculation  of 
statistical  parameters  are  as  follows; 


:u  RMS  Huwr  Deviation 


Standard  deviation  of  detrended  phase  component  is  calculated  as 

2  2  1/2 
o,  =  <<<f»  >  -  (d>>2) 


in  radians,  as  measured  at  the  receiver  output,  and  not  corrected  for  the  finite 
reference  frequency.  Note  that  this  parameter  Is  dependent  upon  the  detrend 
cutoff  frequency.  Before  the  median  values,  as  shown  In  the  next  section,  were 
calculated  they  were  corrected  for  the  finite  receiver  reference  frequency  of 
402  MHz  In  the  following  manner.  Assuming  a  f  2  dependence  of  the  phase  vari¬ 
ance  as  has  been  displayed  by  the  Wideband  data,  the  measured  phase  deviation  is 

related  to  the  true  value  of  o,  as 

<t> 


■  o,(l  -  n"2) 


where  n  Is  the  ratio  of  the  reference  frequency  to  the  measurement  frequency. 

For  Micro-Wideband,  the  measured  VHF  phase  deviation  Is  not  drastically  altered 
at  0.  00  of  Its  true  value.  However,  the  UHF  deviations  are  decreased  to  0.  12  and 
0.00  of  their  true  magnitudes  at  378  MHz  and  390  MHz,  respectively.  Thus,  even 
under  strong  scatter  conditions  the  observed  UHF  phase  deviations  are  small  and 
unreliable.  For  this  reason  only  the  138-MHz  phase  (and  amplitude)  data  are 
presented  In  the  next  section. 


3.2  Pl\a*e  Spectral  Slope  id  Strength 

We  assume  a  power-law  form  of  the  phase  power  spectrum,  as  has  been  dis¬ 
played  by  Wideband  data,  In  the  form 
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I 


Vf)  =  v  •  (3) 

where  p^  Is  the  slope,  and  Is  the  strength  in  mks  units.  These  parameters 
are  extracted  from  a  linear  least -squares  fit  to  the  plot  of  log  of  phase  power 
spectral  density  ”S  log  of  frequency  over  the  range  of  0,  5  to  5  Hz,  as  demon¬ 
strated  in  Figure  4.  The  T^  values  given  In  the  next  section  are  the  spectral 
strengths  obtained  at  1  Hz. 

The  advantage  of  using  T^  and  p^  is  that  they  characterize  the  phase  dis¬ 
turbance  Independent  of  the  detrend  cutoff,  unlike  a Generally  the  T^  and  p^ 
are  consistent  with  a although  a ^  can  Include  energy  outside  of  the  slope-fit 
range.  It  is  therefore  recommended  that  a T^,  and  p^  all  be  considered 

together.  The  spectral  strengths,  T,  and  T,  ,  are  related  as  follows: 

*  Mneas 

-2  2 

T,  =  T ,  ( 1  -  n  2)  .  (4] 


3.3  Sj  .Scintillation  Index 


The  normalized  standard  deviation  of  intensity  is  given  by 


S4  -  [((I2)  -  (I)2)/*!)2]1 


which  ranges  from  0  to  above  1.  2  from  quiet  to  strong  scatter  conditions.  The 

22 

index  was  first  introduced  by  Briggs  and  Parkin  (1903). 

3.4  Intensity  Spectral  Slope  and  Strength 

Except  under  weak  scatter  conditions,  the  intensity  power  spectrum  will  not 
be  power  law.  This  characterization  is  of  the  high-frequency  end  (5  to  40  Hz)  of 
the  Intensity  spectrum  which  may  or  may  not  be  linear: 

®j(f)  =  TjfPl  ,  (G) 

where  Pj  is  the  slope,  and  Tj  the  strength  of  the  intensity  spectrum.  The  fit  is 
illustrated  in  Figure  5.  As  with  T^  of  Eq.  (3),  Tj  is  given  in  mks  units  and  is 
evaluated  at  1  Hz  by  extrapolation  of  the  linear  least-squares  fit  of  the  spectrum 
between  5  and  40  Hz. 


22.  Briggs,  B,  H.  and  Parkin,  I.  A.  (1963)  On  the  var  iation  of  radio  star  and 
satellite  scintillation  with  zenith  angle,  J.  Atmos.  Terr.  Phys.  25:339. 


24 


INTENSITY  POWER  SPECTRAL  DENSITY 
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Figure  4.  Sample  Power  Spectrum  of  Phase  Scin¬ 
tillations  Obtained  With  the  Micro-Wideband  Sys¬ 
tem  (Day  90,  050320-050339  UT)  =  3.  2  radtanB, 

V3-3dB-  p*  =  -2’2 
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Figure  5.  Sample  Power  Spectrum  of  Amplitude 
Scintillations  Corresponding  to  Phase  Spectrum 
Shown  In  Figure  4.  S.  »  0.  62,  Tt  ■  4,  6  dB, 

Pt  =  -2.8  *  1 
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4.  RESULTS 


With  the  user  in  mind,  the  statistical  results  of  the  spatial  and  temporal  var¬ 
iation  of  20-sec  values  of  phase  and  amplitude  scintillation  parameters  observed 
t  the  Goose  Bay  and  Anchorage  stations  will  be  given  in  the  form  of  a  large  num¬ 
ber  of  graphs.  To  bring  out  the  Importance  of  the  geometry  of  observations,  we 
shall  present  both  the  nighttime  and  daytime  data  in  three  groups  sorted  according 
to  different  UT  time  intervals.  Because  of  the  sun -synchronous  nature  of  the 
satellite  orbit  (inclination  99°)  the  three  UT  groupings  in  each  category  represent 
passes  in  three  distinct  corridors  with  the  earliest  time  interval  corresponding  to 
passes  to  the  east,  the  middle  Interval  to  overhead  passes,  and  the  latest  times  to 
passes  in  the  west.  Figures  6  and  7  show  typical  nighttime  and  daytime  subiono- 
spheric  tracks  (at  3  50  km  altitude)  of  the  Wideband  satellite  in  each  of  the  three 
corridors  for  the  Goose  Bay  staiion.  The  magnetic  midnight  at  Goose  Bay  is 
0310  UT  while  the  local  time  is  UT-4  hours.  Thus  the  nighttime  passes  occur 
approximately  during  premldnlght,  midnight,  and  postmidnight  hours,  respectively, 
while  the  morning  passes  occur  within  the  morning  to  noon  local  time  sector.  The 
nighttime  passes  progress  from  north  to  south  and  vice  versa  for  the  daytime 
passes.  Figures  8  and  9  show  such  typical  passes  for  Anchorage,  where  magnetic 
midnigh*  is  1115  UT  and  local  time  is  UT-10  hours. 

The  basic  format  chosen  for  presenting  the  data  is  in  the  form  of  sublono- 
spheric  invariant  latitude  plots  of  the  scintillation  parameters.  The  invariant 
latitude,  as  ts  well-known,  is  defined  by 

A  -  cos'1  L"1/2  ,  (7) 

23 

where  L  is  the  Mcllwain  (1901)  1, -parameter.  Twenty -second  values  of  a,,  T,, 

O  V  9 

P.1.  S,,  Tt,  and  pr  as  defined  In  the  last  section  are  sorted  into  1  Invariant  latitude 

4  I  I  n 

bins  for  Kp  <3.5  (2  bins  for  Kp  >  3.  5)  and  the  50,  90,  and  99  percentile  occur¬ 
rence  statistics  are  computed.  The  99  percentile  occurrence  is  labeled  as  a 
"worst  case"  situation  when  the  number  of  data  points  in  the  bin  is  less  than  100. 
Only  the  5C  percentile  curve  is  extended  to  rover  latitude  bins  having  at  least  five 
,-olnts.  The  lowest  and  highest  number  of  20-sec  values  per  latitude  bln  are 
specified  on  the  graphs  to  give  an  idea  of  the  size  of  the  data  base. 


23.  Mcllwain,  C.  E.  (1901)  Coordinates  for  mapping  the  distribution  of  magnet- 
‘cally  trapped  particles,  J.  Gcophvs.  Res,  00:3081. 
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Figure  (i,  cub ionospheric  Tracks  at  350  km  Altitude 
of  Typical  Nighttime  Wideband  Passes  in  the  Eastern, 
Overhead  and  Western  Corridors  Observed  in  the 
Goose  Bay  See tor 


Figure  7.  Sublonospheric  Tracks  at  3  50  km  Altitude  of 
'Typical  Daytime  Wideband  Passes  in  the  Eastern,  Over¬ 
head,  and  Western  Corridors  Observed  in  the  Goose  Bay 
Sector 
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ANCHORAGE 


Figure  8.  Sublonosphoric  Trucks  at  350  km  Altitude  of  Typ¬ 
ical  Nighttime  Wideband  Passes  in  the  Eastern,  Overhead, 
and  Western  Corridors  Observed  in  the  Anchorage  Sector 


ANCHOHAGE 


Figure  0.  Sublonosphorlc  Tracks  at  3  50  km  Altitude  of  Typ¬ 
ical  Daytime  Wideband  Passes  in  the  Eastern,  Overhead,  and 
Western  Corridors  Observed  in  the  Anchorage  Sector 
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4.1  Nighttime  hiiue  SUtintirs  at  (loose  Ha y 


The  phase  scintillation  a ^  in  radians  for  magnetically  quiet  (Kp  <  3,  5)  night¬ 
time  138-MHz.  Goose  Bay  Wideband  passes  is  plotted  on  a  semilogaritlimlc  scale 
vs  invariant  latitude  in  Figures  10a,  11a,  and  12a  tor  the  three  corridors  previously 
defined.  Similar  graphs  for  tile  disturbed  rases  (Kp  >  3.5)  are  shown  in 
Figures  10b,  lib,  and  12b.  A  logarithmic  scale  was  chosen  to  accommodate  the 
large  range  of  phase  scintillation  values  observed.  The  major  point  of  interest  Is 
the  geometrical  enhancement  in  the  (>3-84°  latitude  bin  in  the  quiet  cases  and  in 
the  83-85°  bin  in  the  disturbed  cases.  For  the  overhead  geometry  the  "worst 
case"  phase  fluctuation  may  be  as  large  as  20  rad  in  the  region  of  geometrical 
enhancement.  However,  the  median  values  are  generally  less  than  a  rod  outside 
of  the  enhancement  region.  This  enhancement  for  Goose  Bay  is  most  marked  for 
the  eastern  and,  of  course,  the  overhead  corridors.  It  is  interesting  to  note  that 
the  magnetic  azimuth  of  the  propagation  vector  changes  with  altitude  In  the  western 
corridor  where  the  geonn  irical  enhancement  is  least.  Thus  in  the  western  corri¬ 
dor  the  ray  path  does  not  align  itself  along  a  particular  L-shell  over  a  large  alti¬ 
tude  range,  thereby  t eliding  to  smear  out  the  geometrical  enhancement.  Indeed,  a 
smearing  effect  is  observed  in  figure  I2n,  with  a  plateau  of  relatively  high  values 
being  observed  near  the  geometrical  enhancement  region  rather  than  one  promi¬ 
nent  peak. 

The  paucity  of  data  makes  the  latitude  coverage  during  magnetically  disturbed 
conditions  much  smaller.  The  lower-latitude  end  shows  a  relatively  greater 
enhancement  of  phnso  scintillations  tit  such  times. 

U  has  been  pointed  out  in  the  last  section  that  depends  on  the  detrend  inter¬ 
val  used  for  filtering  the  raw  data.  Figures  13a,  13b,  14a,  14b,  15a,  and  15b  give 
the  respective  T^  values  at  1  Hz  that  are  free  of  any  filtering  effects,  Thus,  these 
values  In  conjunction  with  p^  values  shown  in  Figures  10a,  10b,  17a,  17b,  18a, 
and  10b  can  be  used  to  estimate  according  to  the  specific  system  integration 
requirements.  Only  the  over  head  values  of  T^  under  both  quiet  and  disturbed 
conditions  shown  in  Figures  14a  and  14b  show  a  geometrical  enhancement.  This 
tends  to  Indicate  that  the  geometrical  enhancement  seen  in  o,  in  the  eastern  cor- 
rldor  comes  from  spectral  frequencies  between  0.  1-1  Ilz.. 

The  median  p^  curves  uniformly  show  a  value  slightly  exceeding  2,  actually 
between  2.  2-2.3  rather  than  a  value  of  3,  which  is  to  be  expected  from  a  one- 
dimensional  in-sltu  spectral  Index  of  2  reported  earlier  (Dyson  et  al,  1974“^; 


24.  Dyson,  P.  L. ,  McClure,  J.  P, ,  and  Hanson,  W.B.  (1974)  In-sltu  measure¬ 
ments  of  the  spectral  characteristics  of  ionospheric  Irregularities, 

J,  Geophys,  ReB.  79;1497. 
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GOOSE  BAY  WIDEBAND  138MHz  Kp<3.5 


Figure  10a.  Phase  Scintilla- ton  Index  vs.  InvaHr.w  I.atLudo  for 
Nighttime  Transits  Hast  of  Goose  bay  tmder  Quiet  Magnetic  Con¬ 
dition.; 
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GOOSE  BAY  WIDEBAND  138  MHz  Kp>3,5 
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Figure  10b.  Phn.se  Scintillation  Index  o ^  vb.  Invariant  Latitude  for 
Nighttime  Transits  Fast  of  Goose  Huy  Under  Disturbed  Magnetic 
Conditions 
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GOOSE  BAY  WIDEBAND  138  MHz  Kp<3.5 


Figure  llu.  Phil  si*  Scintillation  Index  (U  vs,  lnvurlunt  latitude  for 
Nighttime  Transits  Overhead  of  Goose  Huy  Under  Quiet  Magnetic 
Conditions 
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INVARIANT  LATITUDE 


Figure  12b.  Phase  Scintillation  Index  vs.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Goose  Bay  under  Disturbed  Magnetic 
Conditions 
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Figure  13b.  Spectral  Strength  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  East  of  Goose  Bay  Under  Dis¬ 
turbed  Magnetic  Conditions 
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INVARIANT  LATITUDE 

Figure  14a.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Goose  Bay  Under 
Quiet  Magnetic  Conditions 
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Figure  14b.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Goose  Bay  Under 
Disturbed  Magnetic  Conditions 
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(d 8  mks  units) 


INVARIANT  LATITUDE 

Figure  15a.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  West  of  Goose  Bay  Under  Quiet 
Magnetic  Conditions 


20 


10 


GOOSE  BAY 


"T 


T 


T 


T 


WIDL8AND 


“I — T 


156  MHz 


Kp>  3.5 

— -i — p — r 


POSTMIONIGHT  TRANSITS  WEST 
0500-0640  UT 


JAN.22-AU0.  8,  1979 
14-61  pit  /2  DEO  LAT 


_L. 


_1_ 


55  56  57  58  59  60 


61  62  65  64  65  66  67  68  69 

INVARIANT  LATITUDE 


J _ l  . 


_L_ 


70  71  72  75  74 


Figure  15b.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  West  of  Goose  Bay  Under  Dis¬ 
turbed  Magnetic  Conditions 
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Figure  17a.  Phase  Spectral  Index  vs.  Invariant  Latitude  lor 
Nighttime  Transits  Overhead  of  Goose  Bay  Under  Quiet  Magnetic 
Conditions 
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Figure  17b.  Phase  Spectral  Index  p^>  vo.  Invariant  Latitude  for 
Nighttime  Transits  Overhead  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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Figure  18b.  Phase  Spectral  Index  vs.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Goose  Bay  Under  Disturbed  Magnetic 
Conditions 
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Phelps  find  Sagalyn,  1978^''),  They  .ire  consistent  however  wtth  the  p,  values 

26  ^ 

obtained  at  Poker  Flat  over  a  2-year  period  (Rlno,  1979  ).  However,  contrary 

lo  these  observations,  no  significant  enhancement  of  p,  is  seen  in  the  region  of  the 

0  13 

geometrical  enhancement  of  o,  (Figure  3  of  Fremouw  and  Lanslnger,  1979  ). 

0 

4.2  Nighttime  1 11  tenuity  Statiitici  at  Gcoae  Bay 

Since  the  geometrical  enhancement  is  not  very  marked  in  the  index,  these 
duta  give  us  a  better  insight  into  the  actual  latitude  variation  of  the  strength  of 

n  /• 

turbulence  C  (Rlno,  1979^l>)  of  the  Irregularities.  Thus  in  the  premidnight  quiet 
situation  (Figure  19a),  median  Increases  from  0.2  at  5(i°A  to  0,0  at  00°A, 
that  is,  a  factor  of  3  increase  in  10°  latitude,  most  of  which  is  caused  by  an  in¬ 
crease  of  the  strength  of  Irregularities  with  latitude,  In  the  worst  case  situation 
it  is  possible  to  have  saturated  amplitude  scintillations  at  138  MHz  throughout  the 
latitude  interval  during  both  quiet  and  disturbed  magnetic  conditions  as  observed  in 
Figures  19a,  19b,  20n,  20b,  2 la,  and  21b.  The  primary  effect  of  magnetic  dis- 
tut  buncos  seems  to  be  to  raise  the  level  of  scintillations  at  the  low -latitude  end  of 
the  Wideband  coverage. 

The  overhead  quiet  scintillation  curve,  Figure  20a  shows  an  interesting  in¬ 
crease  of  at  the  low-latitude  end  near  55°A.  Unfortunately  the  number  of 
points  there  are  between  9-10.  Therefore  we  cannot  conclusively  identify  it  as  the 
plasmaspheric  component  of  scintillations.  A  similar  phenomenon  was  observed 
at  Poker  Flat  (Rlno  and  Matthews,  1980°). 

The  intensity  spectral  strength  parameter,  Tj,  and  slope,  Pj,  are  shown  in 
Figures  22a,  22b,  23a,  23b,  24a,  and  24b  and  25a,  25b,  2(ia,  2 Ob,  27a  and  27b, 
respectively,  for  the  sake  of  completeness,  Actually  these  parameters  are  of 
limited  use  as  Tj  and  p(  are  contaminated  by  noise  at  the  low -latitude  end  when 
Is  low,  which  is  to  bo  expected.  However,  tlipse  parameters  nre  also  contaminated 

by  multiple  scattering  effects  when  S.  Is  high  and  the  roll-off  frequency  shown  In 

^  27 

Figure  5  moves  to  the  high-frequency  end  (Whitney  and  Basu,  1977  ),  Thus,  only 

the  middle  portions  of  the  curves  between  80-84°A  are  of  some  use  In  providing 
Information  on  the  temporal  structure  of  scintillations.  Within  this  range,  median 


25.  Phelps,  A.D.  R.  and  Sugalyn,  R.C,  (1978)  Plasma  density  ir regularities  in 

the  hlgh-latltude  top  side  ionosphere,  J,  Geophys.  Res,  81:515. 

A FGL-TR -78-0077,  AD  A024  248. 

26.  Rlno,  C.  Tj,  (1979)  A  power  law  phase  screen  model  for  Ionospheric  scintilla¬ 

tion,  1,  Weak  scatter,  Radio  Sci.  14 !  1 13 5. 

27.  Whitney,  H,  E.  and  Basu,  S.  (1977)  The  effect  of  ionospheric  scintillation  on 

VHF/UHF  satellite  communication.!.  Radio  Sci,  12:123.  AFGL-TR-77- 
0067,  AD  A037  520,  - 
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Figure  10a.  Intensity  Scintillation  Index  Sa  vs.  Invariant  Latitude 
for  Nighttime  Transits  Fast  of  Goose  Bay  tinder  Quiet  Magnetic 
Conditions 
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Figure  19b.  Intensity  SclnttlUtlon  Index  Sa  vs.  Invariant  Latitude 
for  Nighttime  Transits  East  of  Goose  Bay  Under  Disturbed  Mag¬ 
netic  Conditions 
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Figure  20a,  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Goose  Bay  Under  Quiet  Mag¬ 
netic  Conditions 
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Figure  20b.  Intensity  Scintillation  Index  S4  vs,  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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Figure  21u,  Intensity  Scintillation  l.-dox  Ox  vs,  Invariant  Latitude 
for  Nighttime  Transits  West  of  Goose  Bay  under  Quiet  Magnetic 
Conditions 
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Figure  21b.  Intensity  Scintillation  Index  vs,  Invariant  Latitude 
for  Nighttime  Transits  West  of  Goose  Bay  Under  Disturbed  Mag* 
net le  Conditions 
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Figure  22a.  Spectral  Strength  Ti  of  Intensity  at  1  Hz  vh.  Invari¬ 
ant  Latitude  for  Nighttime  Transits  Last  of  Goose  Day  Under 
CJulet  Magnetic  Conditions 
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Figure  22b.  Spectral  Strength  T.  of  Intensity  at  1  Hz  vs,  Invarl 
ant  Latitude  for  Nighttime  Transits  Fast  of  Goose  Bay  Under 
Disturbed  Magnetic  Conditions 
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Figure  23a.  Spectral  Strength  Ti  of  Intensity  at  1  Hz  vh.  Invari¬ 
ant  Latitude  for  Nighttime  Transits  Overhead  of  Goose  Bay  Under 
Quiet  Magnetic  Conditions 


Figure  23b.  Spectral  Strength  Tj  of  Intensity  at  1  Hz  ve.  Invari¬ 
ant  Latitude  for  Nighttime  Transits  Overhead  of  OooBe  Bay  Under 
Disturbed  Magnetic  Conditions 
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Figure  24a.  Spectral  Strength  Tt  of  Intensity  at  1  Hz  vs.  Invari¬ 
ant  Latitude  for  Nighttime  Transits  West  of  Goose  Bay  Under 
Quiet  Magnetic  Conditions 
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Figure  24b.  Spectral  Strength  Tt  of  Intensity  at  1  Hz  vs.  Invari¬ 
ant  Latitude  for  Nighttime  Transits  West  of  Goose  Bay  Under 
Disturbed  Magnetic  Conditions 
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Figure  25a.  Intensity  Spectral  Index  pi  vs.  Invariant  Latitude  for 
Nighttime  Transits  East  of  Goose  Bay  under  Quiet  Magnetic  Con¬ 
ditions 
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Figure  25b.  Intensity  Spectral  Index  pi  vs.  Invariant  Latitude  for 
Nighttime  Transits  East  of  Goose  Bay  Under  Disturbed  Magnetic 
Conditions 
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Figure  20a.  Intensity  Spectral  Index  pj  vs.  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Goose  Bay  Under  Quiet  Mag¬ 
netic  Conditions 
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Figure  26b.  Intensity  Spectral  Index  pj  vs.  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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Figure  27a.  Intensity  Spectral  Index  pt  vb.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Goose  Bay  under  Quiet  Magnetic  Con¬ 
ditions 


GOOSE  BAY  WIDEBAND  130  MHt  Kp>3.S 


INVARIANT  LATITUDE 


Figure  27b.  Intensity  Spectral  Index  pj  vs.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Goose  Bay  Under  Disturbed  Magnetic 
Conditions 
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agree  numerically  as  they  should  In  the  weak-scatter  regime  (Rufenach, 


4.3  Daytime  Phaie  Statiatica  at  Doom  Bay 

In  keeping  with  the  greatly  equatorward  position  of  the  Goose  Bay  station  with 
respect  to  the  daytime  auroral  oval,  we  see  little  phase  scintillations  during  mag¬ 
netically  quiet  times  as  shown  by  the  median  curves  in  Figures  28a,  29a,  and  30a, 
Scintillations  Increase  poleward  of  68°A.  The  overhead  transits  show  a  geomet¬ 
rical  enhancement  near  64°A  during  both  quiet  and  disturbed  times  (Figures  29a 
and  29b)  while  the  two  other  corridors  do  not  have  a  prominent  enhancement 
(Figures  28a,  28b,  30a,  and  30b),  This  led  Rlno  and  Matthews  (1980)P  and 
Fremouw  and  Lanslnger  (1981)  to  postulate  that  the  daytime  irregularities  are 
in  the  form  of  field-aligned  rods  and  not  L-shell  aligned  sheets.  However,  a 
small  enhancement  is  visible  in  the  eastern  corridor  (Figures  28a  and  28b)  as 
with  the  nighttime  date.  The  limited  nature  of  the  data  base  precludes  any  defini¬ 
tive  conclusions.  The  90  percentile  and  worst  case  values  can  be  as  large  as 
5-10  rad  even  during  quiet  daytime  hours. 

The  T^  parameters  in  the  various  categories  (Figures  31a,  31b,  32a,  32b, 

33a,  and  33b)  behave  very  much  like  their  o^  counterparts,  displaying  Blmllar 
geometrical  cheracterlsttcs  as  discussed  previously.  The  daytime  T^  values  are 
at  least  10  dB  below  the  nighttime  values  as  may  be  observed  by  comparing  Fig¬ 
ure  14a  with  Figure  32a. 

The  median  p^  values  are  shown  in  Figures  34a,  34b,  35a,  35b,  3(ia,  and  36b, 
They  are  also  lower  than  the  nighttime  values  probably  because  of  the  low  mag¬ 
nitudes  that,  in  turn,  are  associated  with  a  more  noiselike  spectrum. 

4.4  Daytime  lutcnaity  Stutiatica  at  doom*  Da\ 

The  indices  observed  at  Goose  Bay  during  the  daytime  are  indeed  very  low. 
During  quiet  magnetic  conditions  (Figures  37a,  38a,  and  39a)  the  median  value  of 
S,j  Is  everywhere  less  than  0.3  and  is  about  0.  1  close  to  overhead.  No  geometrical 
enhancement  is  observed  In  tile  median  for  overhead  passes  but  is  evident  at  the 
90  and  higher  percentiles.  Magnetic  disturbances  (Figures  37b,  38b,  and  39b) 
cause  S4  values  on  the  order  of  0.  5  ut  latitudes  greater  than  ()8°A  and  also  give 
rise  to  noticeable  geometrical  enhancements. 


28.  Rufenach,  C.  L.  (1975)  Ionospheric  scintillation  by  a  random  phase  screens 

spectral  approach,  Radio  Set,  10s  155, 

29,  Fremouw,  E.J.  and  Lanslnger,  J.M.  (1981)  Recent  high  latitude  improve¬ 

ment  in  a  computer  based  scintillation  model,  Proceedings  of  Ionospheric 
Effects  Symposium,  Alexandria,  Virginia. 
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GOOSE  BAY  WIDEBAND  138MHz  Kp<3.5 


Figure  29a.  Phase  Scintillation  Index  vs.  Invariant  Latitude 
for  Daytime  Transits  Overhead  of  Goose  Bay  Under  Quiet  Mag¬ 
netic  Conditions 
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GOOSE  BAY  WIDEBAND  138 MHi  Kp>3.5 


Figure  29b.  Phase  Scintillation  Index  oa  vs.  Invariant  Latltud 
Tor  Daytime  Transits  Overhead  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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Figure  31n.  Spectral  Strength  T^,  of  Phase  at  1  Hz.  vs.  Invariant 
Latitude  for  Daytime  Transits  Fast  of  Goose  Day  Linder  Quiet  Mag¬ 
netic  Conditions 
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Ftgure  3 lb.  Spectral  Strength  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Daytime  Transits  East  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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Figure  33u.  Spectral  Strength  T .  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Daytime  Transits  WPst  of  Goose  Bay  Undf .  Quiet 
Magnetic  Conditions 
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Figure  33b.  Spectral  Strength  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Daytime  Transits  West  of  Goose  Bay  Under  Dis¬ 
turbed  Magnetic  Conditions 
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Figure  3Ga.  Phase  Spectral  Index  p^  vs.  Invariant  Latitude  for 
Daytime  Transits  West  of  Goose  Bay  Under  Quiet  Magnetic  Con¬ 
ditions 
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Figure  36b.  Phase  Spectral  Index  p^  vs.  Invariant  Latitude  for 
Daytime  Transits  West  of  Goose  Bay  Under  Disturbed  Magnetic 
Conditions 
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Figure  38a.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  Overhead  of  Goose  Bay  Under  Quiet  Magnetic 
Conditions 
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Figure  38b.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  Overhead  of  Goose  Bay  Under  Disturbed 
Magnetic  Conditions 
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4.5  Nighttime  Fhace  Stttiitic*  at  Anchorage 


The  Anchorage  data  covers  only  the  period  24  January  through  3  April  1979, 
while  the  Goose  Bay  date  also  covered  the  following  summer  period  until  early 
August,  1979,  when  the  Wideband  satellite  failure  str  ed  observations.  We  will 
point  out  the  salient  features  of  this  small  data  base  and  compare  It  with  the 
Goose  Bay  results  using  the  same  format  as  used  for  the  Goose  Bay  data  display. 

In  Sections  5  and  6  we  will  present  magnetic  activity  and  seasonal  variations  of 
the  phase  and  amplitude  scintillations  obtained  at  these  two  widely-separated 
auroral  stations. 

The  nighttime  phase  scintillation  data  In  the  3  corridors  Is  shown  In  Figures 
40a,  40b,  41a,  41b,  42a,  and  42b  for  quiet  and  disturbed  times.  The  position  of 
the  geometries,1,  enhancement  for  Individual  cases  Is  between  60-61°A  rather 
than  between  63-64°A  as  with  Goose  Bay.  This  results  from  the  different  Invar¬ 
iant  latitude  locations  of  the  two  stations  as  given  In  Table  1.  However  the  med¬ 
ian  values  at  Anchorage  often  show  enhancements  at  somewhat  higher  latitudes. 
Rlno  and  Owen  (1980)  also  found  that  the  median  position  of  the  geometrical 
enhancement  for  Fort  Yukon  based  on  a  small  data  set  was  poleward  of  the  theoret¬ 
ically  predicted  position  for  sheetllke  Irregularities,  The  geometrical  enhance¬ 
ment  seems  to  be  most  marked  In  the  overhead  and  western  corridors  but  not  In 
the  eastern  corridor.  We  believe  that  the  latter  may  be  due  to  a  lack  of  align¬ 
ment  with  a  particular  L-shell  over  a  large  altitude  region.  The  same  situation 
prevailed  In  the  western  corridor  for  Goose  Bay  where  the  smearing  took  place 
over  a  larger  range  of  magnetic  azimuths.  Thus,  the  behavior  of  the  geometri¬ 
cal  enhancement  In  the  off-overhead  corridors  Is  different  in  the  two  longitude 
sectors  and  i  '«  "is  to  be  connected  with  the  location  of  the  magnetic  pole  with 
respect  to  the  «,  serving  stations  (magnetic  pole  to  the  west  of  Goose  Bay  and  east 
of  Anchorage),  which  produces  the  different  magnetic  azimuth  dependence  with 
altitude  of  the  ray  paths  in  the  eastern  and  western  corridors.  That  Is  to  say  that 
the  declination  of  the  magnetic  field  changes  fastest  with  altitude  In  longitude  sec¬ 
tors  which  are  closest  to  that  of  the  magnetic  pole.  Fremouw  and  Lanslnger 
29 

(1981),  on  the  other  hand,  postulated  that  the  sheetllke  anisotropy  is  local 
time  dependent  atta'nlng  Its  most  sheetllke  form  0200  LT  wher  the  western 


corridor  passes  are  observed  in  the  Alaskan  sector. 

This  set  of  Anchorage  phase  scintillation  curves  Is  very  similar  to  the  o,  set 

y 

for  Goose  Bay  in  most  other  respects.  It  is  Interesting  to  note,  however,  that 
the  low -latitude  enhancement  observed  at  Goc.se  Bay  In  Figures  10a,  10b,  and  11a 


is  missing  from  their  counterparts  (Figures  40a,  40b,  and  41a)  even  though  Rino 
and  Matthews  (1980)®  observed  such  low -latitude  enhancements  at  Poker  Flat. 


30.  Rlno,  C.L.  and  Owen,  J.  (1980)  The  structure  of  localized  nighttime  auroral 
zone  scintillation  enhancements,  J.  Geophys,  Res.  85:2941. 


38 


Figure  40a.  Phase  Scintillation  Index  cta  trs,  Invariant  Latitude 
for  Nighttime  Transits  East  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  40b.  Phase  Scintillation  Index  vs.  Invariant  Latitude 
for  Nightilme  Transits  Fast  of  Anchorage  Under  Disturbed  Mag' 
netlc  Conditions 
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Figure  41a.  Phase  Scintillation  Index  vs.  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Ancnorage  Under  Quiet  Mag¬ 
netic  Conditions 


Figure  41b,  Phase  Scintillation  Index  o>  vs.  Invariant  Latitude 
for  Nighttime  Transits  Overhead  of  Ancnorage  Under  Disturbed 
Magnetic  Conditions 
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Figure  42a.  Phase  Scintillation  Index  a  a  vb.  Invariant  Latitude 
for  Nighttime  Transits  West  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  42b.  Phase  Scintillation  Index  oa  vs.  Invariant  Latitude 
for  Nighttime  Transits  West  of  Anchorage  Under  Disturbed  Mag¬ 
netic  Conditions 


We  shall  discuss  this  point  further  In  Section  6.  The  T,  behavior  (Figures  43a, 

9 

43b,  44a,  44b,  45a,  and  45b)  follows  the  behavior  quite  predictably.  The  p^ 
curves  (Figures  46a,  46b,  47a,  47b,  46a,  48b)  show  median  values  of  2. 1-2.4 
and  no  Increase  In  p^  In  the  geometrical  enhancement  region.  These  are  In 
agreement  with  Goose  Bay  results. 

4.6  Nighttime  Intensity  Stetietke  at  Anchorage 

The  Index  Is  plotted  as  a  function  of  Invariant  latitude  In  the  three  groups 
for  the  Anchorage  station  In  Figures  49a,  49b,  50a,  50b,  51a,  and  5lb.  Two 
factors  are  immediately  apparent  from  Figure  50a:  1)  the  lack  of  a  geometrical 
enhancement  In  the  median  for  the  overhead  quiet  data  and  2)  the  absence  of  an 
amplitude  scintillation  increase  at  the  low-latitude  end  of  the  coverage.  Both 
these  factors  are  contrary  to  the  nighttime  observations  at  Goose  Bay.  The  lack 
of  the  geometrical  enhancement  is  probably  due  to  the  low  level  of  Irregularities 
expected  at  ~G0°A  under  quiet  conditions.  Indeed  a  geometrical  enhancement  is 
observed  during  disturbed  times  (Ftgure  50b).  The  lack  of  enhanced  scintillations 
both  In  phase  and  amplitude  at  the  low -latitude  end  could  be  a  seasonal  effect  and 
will  be  discussed  further  In  Section  G. 

The  Tj  and  Pj  curves  (Figures  52a,  52b,  53a,  53b,  54a,  and  54b  and  55a, 

55b,  56a,  56b,  57a,  and  57b,  respectively)  behave  very  similarly  to  their  coun¬ 
terparts  in  the  Goose  Bay  sector. 

4.7  Daytime  Pliaae  Statiitici  at  Anchorage 

Unfortunately,  the  latitude  coverage  for  the  Anchorage  daytime  phase  scintil¬ 
lation  data  shown  In  Figures  58a,  58b,  59a,  59b,  60a,  and  60b  Is  limited,  partic¬ 
ularly  for  the  east  and  west  corridors.  What  is  surprising,  however,  is  that  the 
magnitude  of  is  much  larger  compared  to  the  daytime  observed  at  Goose 
Bay.  This  will  become  more  apparent  when  we  present  the  seasonal  comparisons 
in  Section  6.  As  with  the  daytime  overhead  Goose  Bay  data  (Figure  29a)  a  geomet¬ 
rical  enhancement  is  clearly  apparent  in  Figure  59a.  In  the  western  corridor, 
also,  a  geometrical  enhancement  is  observed  as  with  nighttime  data.  Investiga¬ 
tion  of  individual  pass  behavior  shows  that  a  fairly  prominent  geometrical  enhance¬ 
ment  la  observed  in  almost  half  the  daytime  passes  observed  in  the  western  corri¬ 
dor.  Thus,  at  least,  during  this  high  sunspot  period  It  may  not  be  quite  correct 

to  assume  that  daytime  irregularities  are  always  rodlike  in  nature  as  has  been 

29 

done  by  Fremouw  and  Lanstnger  (1981).  This  is  again  similar  to  the  situation 
at  Goose  Bay  where  two  corridors  also  showed  daytime  enhancements  as  pointed 
out  in  Section  4.  5.  This  finding  needs  further  careful  investigation. 
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Figure  43b.  Spectral  Strength  Tj.  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  East  of  Anchorage  Under  Dis¬ 
turbed  Magnetic  Conditions 
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Figure  44a.  Spectral  Strength  Tj  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Anchorage  Under 
Quiet  Magnetic  Conditions 


Figure  44b.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Anchorage  Under 
Disturbed  Magnetic  Conditions 
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Figure  45a.  Spectral  Strength  TU  of  Phase  at  1  Hz  vs.  Invariant 
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Figure  45b.  Spectral  Strength  Ta  of  Phase  at  1  Hz  vs.  Invariant 
Latttude  for  Nighttime  Transits  West  of  Anchorage  Under  Dis¬ 
turbed  Magnetic  Conditions 
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Figure  46a.  Phase  Spectral  Index  pj,  vs.  Invariant  Latitude  for 
Nighttime  Transits  Fast  of  .Anchorage  Under  Quiet  Magnetic  Con¬ 
ditions 
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Figure  46b.  Phase  Spectral  Index  pj,  vs.  Invariant  Latitude  for 
Nighttime  Transits  East  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 
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Figure  48a.  Phase  Spectral  Index  pa  vb.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  48b.  Phase  Spectral  Index  p^  vb.  Invariant  Latitude  for 
Nighttime  Transits  West  of  Anchorage  Under  Disturbed  Mag¬ 
netic  Conditions 
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Figure  49a.  Intensity  Scintillation  Index  S*  vs.  Invariant  Latitude 
for  NlgUtlr.-  Transits  Bast  of  Anchorage  under  Quiet  Magnetic 
Conditions 
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Figure  49b.  intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Nighttime  Transits  East  of  Anchorage  under  Dlsturoed  Mag¬ 
netic  Conditions 
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Figure  51a,  Intensity  Scintillation  Index  S*  vs.  Invariant  Latitude 
for  Nighttime  Transits  West  of  Anchorage  under  Quiet  Magnetic 
Conditions 
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Figure  51b.  Intensity  Scintillation  Index  S*  vs.  Invariant  Latitude 
for  Nighttime  Transits  West  of  Anchorage  under  Disturbed  Mag¬ 
netic  Conditions 
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Figure  52a.  Spectral  Strength  Tt  of  Intensity  at  1Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Eat;!  of  Anchorage  Under  Quiet 
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Figure  52b.  Spectral  Strength  Tt  of  Intensity  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  East  of  Anchorage  Under  Disturbed 
Magnetic  Conditions 
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Figure  53a,  Spectral  Strength  Tj  of  Intensity  Bt  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Anchorage  Under 
Quiet  Magnetic  Conditions 
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Figure  53b.  Spectral  Strength  Ttof  Intensity  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  Overhead  of  Anchorage  Under  Dis¬ 
turbed  Magnetic  Conditions 
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Figure  54a.  Spectral  Strength  Tt  of  Intensity  at  1  Hz  vs.  Invariant 
Lutltude  for  Nighttime  Transits  west  of  Anchorage  Under  Quiet 
Magnetic  Conditions 
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Figure  54b.  Spectral  Strength  Ti  of  Intensity  at  1  Hz  vs.  Invariant 
Latitude  for  Nighttime  Transits  West  of  Ancnorage  Under  Disturbed 
Magnetic  Conditions 
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Figure  5Ga.  Intensity  Spectral  Index  pj  vb.  Invariant  Latitude  for 
Nighttime  Transits  Overhead  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  66b.  Intensity  Spectral  Index  p(  vs.  Invariant  Latitude  for 
Nighttime  Transits  Overhead  of  Anchorage  Und->r  Disturbed  Mag¬ 
netic  Condltlous 
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Figure  58a.  Phase  Scintillation  Index  ax  va.  Invariant  Latitude 
for  Daytime  Transits  Cast  of  Anchorage* Under  Quiet  Magnetic 
Conditions 
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Figure  58b.  Phase  Scintillation  Index  oj,  vs.  Invariant.  Latitude  for 
Daytime  Transits  Hast  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 
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Figure  50a.  Phase  Scintillation  Index  oa  vs.  Invariant  Latitude  for 
Daytime  Transits  Overhead  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  60a.  Phase  Scintillation  Index  oa  vs.  Invariant  Latitude  for 
Daytime  Transits  West  of  Anchorage  Under  Quiet  Magnetic  Condi- 
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Figure  (>0b.  Phase  Scintillation  Index  vs.  Invariant  Latitude  foi 
Daytime  Transits  West  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 


The  curves  (Figures  61a,  61b,  J52a,  62b,  63a,  and  63b)  behave  Similarly 

to  the  set  with  again  the  same  two  corridors  (Figures  62a  and  63a)  showing 

geometrical  enhancements.  The  magnitude  of  T^,  however,  ts  much  larger  than 

that  observed  at  Goose  Bay,  For  Instance,  In  the  Goose  Bay  overhead  daytime 

T,  plot  (Figure  32a)  the  magnitude  of  median  T,  at'65°A  Is  approximately  -40  dB 
♦  $ 
whprrnt,  fit  AncfantagPHit  tti*  same  position  (Figure  fi2a)  It  Is  a  little  below  -20  dB. 

(The  65° A  position  was  chosen  because  it  is  outside  the  geometrical  enhancement 

region  of  the  two  stations.)  This  ts  n  very  large  difference  in  phase  spectral 

densitv  at  *he  two  stations. 

The  p,  values,  shown  in  Figures  64a,  G4b,  65a,  Q5b,  66a,  and  66b  are  in 

V* 

their  median  values  slightly  higher  tnan  their  Goose  Bay  counterparts.  For 
instance,  comparing  Figure  35a  with  Figure  65a  we  find  that  p^  varies  between 
2.0  and  2.  1  in  the  latitude  interval  61-G7°Aat  Goose  Bay  whereas,  at  Anchorage 
p^  is  2.2  between  ti0-«3°A.  This  slight  elev.tlon  of  can  probably  be  explained 
i  v  invoking  better  signal -to-notse  rutlos  associated  with  the  higher  phase  scintil¬ 
lations  in  the  Anchorage  sector. 

4.(1  Daytime  ItiliHBiU  Sialirfin  at  Whoragt 

As  is  to  be  exported  from  the  phase  statistics,  the  amplitude  statistics  at 
Anchorage  shown  in  Figures  G7a,  67b,  68a,  68b,  69a,  and  69b  show  a  much  higher 
level  of  index  as  well  as  magnetic  storm  increase  in  when  contrasted  with 
similar  curves  in  the  Goose  Bay  sector.  This  is  an  unexpected  result  emanating 
from  this  comparative  study  and  reasons  for  such  behavior  are  unclear  at  this 
time. 


5.  MAGNETIC.  ACTIVITY  VARIATION  OF  SCINTILLATIONS 

In  Section  4  the  scintillation  data  at  tne  two  stations  were  lumped  into  two  wide 
ranges  of  magnetic  activity.  To  study  the  effect  of  magnetic  activity  over  smaller 
ranges  we  constructed  three  subgroups  of  the  data:  the  lowest  range  being 
Kp  -  0-2  ,  an  intermediate  range  with  Kp  «  2-5”,  and  the  high  activity  group  with 
Kp  s  5.  To  obtain  some  statistical  validity  of  the  median  scintillation  values, 
particularly  In  the  highest  activity  range,  we  put  together  the  three  different  time 
sectors  for  nighttime  and  daytime  passes  and  considered  2°  latitude  bins.  Mag¬ 
netic  activity  seems  to  affect  the  nighttime  auroral  oval  region  at  latitudes  <68°  as 
may  he  observed  from  Figures  70  and  71  which  show  the  median  o ^  and  as  a 

function  of  latitude  for  Goose  Bay.  It  is  somewhat  surprising  that  about  68°A  there 
seems  to  be  little  effect  of  magnetic  storms  In  increasing  either  of  these  param¬ 
eters  significantly,  \ 
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Figure  63a.  Spectral  Strength  Ta  of  Phase  at  1  Hz  va.  Invariant 
Latitude  for  Daytime  Transits  West  of  Anchorage  Under  Quiet 
Magnetic  Conditions 


Figure  63b.  Spectral  Strength  of  Phase  at  1  Hz  vs.  Invariant 
Latitude  for  Daytime  Transits  West  of  Anchorage  Under  Dls- 
'urbed  Magnetic  Conditions 
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Figure  64b.  Phase  Spectral  Index  p^  vs.  Invariant  Latitude  for 
Daytime  Transits  r,ast  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 
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Figure  65*.  Phase  Spectral  Index  vs.  Invariant  Latitude  for 
Daytime  Transits  Overhead  of  Anchorage  Under  Quiet  Magnetic 
Conditions 


Figure  65b.  Phase  Spectral  Index  p^  vs.  Invariant  Latitude  for 
Daytime  Transits  Overhead  of  Anchorage  Under  Disturbed  Mag¬ 
netic  Conditions 
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Figure  66a,  Phase  Spectral  Index  vs.  Invariant  Latitude  for 
Daytime  Transits  West  of  Anchorage  Under  Quiet  Magnetic  Con 
Hit  Ions 
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Figure  66b.  Phase  Spectral  Index  p*  vs.  Invariant  Latitude  for 
Daytime  Transits  West  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 
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Figure  67b.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  East  of  Anchorage  Under  Disturbed  Magnetic 
Conditions 
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Figure  68a,  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  Overhead  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  68b.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  Overhead  of  Anchorage  Under  Disturbed 
irtagnetlc  Conditions 
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Figure  69a.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  West  of  Anchorage  Under  Quiet  Magnetic 
Conditions 
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Figure  69b.  Intensity  Scintillation  Index  S4  vs.  Invariant  Latitude 
for  Daytime  Transits  West  of  Anchorage  Under  Disturbed  Mag¬ 
netic  Conditions 
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Figure  70,  Median  Nighttime  Latitudinal  Distribution  In  Goose 
Day  Region  of  Phase  Scintillation  Index  o,  as  a  Function  of 
Magnetic  Ind'-x  Kp  ^ 


The  situation  Is  quite  different  for  anytime  Goose  Bay  and  data  shown 

In  higures  72  and  72  where  the  eifeet  of  high  magnetic  activity  (ICp  >  5)  is  to 

great  1\  increase  bcth  cr,  and  S.  throughout  the  latitude  range  covered  (58°-72°A). 

* 

In  fact,  the  effect  of  magnetic  activity  dramatically  Increases  the  median  level  of 
Scintillation  indices  above  about  6(i°A.  However,  particularly  for  the  index 
there  is  little  Kp  control  of  scintillations  In  the  low  and  Intermediate  range. 

In  the  Alaskan  sector  scintillations  at  night  seem  to  be  more  sensitively  con¬ 
trolled  by  magnetic  activity  particularly  at  the  high-latltude  end  as  shown  by  the 
Anchorage  data  In  Figures  74  and  75.  The  Goose  Bay  nighttime  data  generally 
show  a  larger  median  level  tb~n  similar  Anchorage  data.  For  Instance,  If  the 
scintillation  boundary  Is  arbitrarily  defined  by  =  0.3  (peak-to-peak  fluctuations 
of  G  dB)  then  the  low-Kp  boundary  at  Goose  Bay  Is  59°A  (from  Figure  71) 
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Figure  Vi.  Median  Nighttime  Latitudinal  Dlatri  ullor.  In  the  Goose  Bay  Region  of 
Amplitude  Scintillation  Index  S4  as  a  Function  ol  Magnetic  Index  Kp 
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Figure  72.  Median  Daytime  Latitudinal  Distribution  In  Grose 
Bay  Region  of  Phase  Scintillation  Index  o  ,  as  a  Function  of 
Magnetic  Index  Kp  ^ 


whereas,  Anchorage  data  puts  It  at.  (54°A.  The  Intermediate  Kp  Is  at  57°A  at  Goose 
Bay  and  59°A  at  Anchorage,  while  for  high  activity  Goose  Bay  Is  always  polewaro 
of  the  boundary,  whereas  Anchorage  shows  that  the  boundary  Is  between  58°  and 
5f)°A.  A  similar  comparison  of  the  phase  scintillation  boundary  Is  difficult  be¬ 
cause  tile  prominent  georririncal  enhancement  occurs  at  two  different  positions  at 
the  two  re.  'tlons. 

"T'he  daytime  magnetic  activity  variations  of  and  at  Anchorage  are  shown 
in  Figures  76  and  77.  Both  parameters  seem  to  be  quite  sensitively  controlled  by 
the  Kp  Index.  The  daytime  S.  comparison  between  Goose  Bay  and  Anchorage 
ooints  out  dramatic  dllforences.  If  we  again  use  the  concept  of  the  scintillation 
boundary  defined  by  -  C  3  at  the  two  stations,  then  we  find  from  Figures  73  and 
77  that  the  entire  latitude  range  of  56°-71°A  In  the  Goose  Bay  sector  is 


109 


1.0 


138  MHz 


GOOSE  BAY  WIDEBAND 


Fiftui-*  73.  Median  Daytime  t.atitudi?  al  Dial  ri  but  Ion  in  Gnosc  Bay  liegion  of 
Amplitude  Scintillation  index  S  as  a  Function  o!  Mat;noli<  Index  Kp 


UO 


ANCHORAGE  WIDEBAND  138  MHl 


INVARIANT  LATITUDE 


1  inure  74.  Median  Nighttime  I  .at  itubinat  I  )ist  r  ihut  ion  in 
A oehorage  (!egion  nl  I’liasr  Scintillation  Index  o  ns  n  l  'une  - 
linn  * >f  Magnet ie  1  n< I ■  -x  K|>  ® 

i  qu.tin i’w n i  rl  of  the  boundary  lot-  low  mvl  inlet  mediate  Kp  values,  Very  different 
is  Hie  liehavioe  at  Anchorage  where  »l.e  low~K|>  houndary  is  ohserved  at  (i(i°A  and 
the  intermediate  Kp  boundary  is  at  tilt'  A  .  The  high  Kp  boundary  shows  a  double 
humor'd  behavior  at  Goose  Unv  with  the  boundary  erossinga  at  l>luA  and 
•■virile  ’lie  boundary  at  Anchorage  is  observed  at  only  5b"a.  the  r  ising  steeply 
with  latitude  in  a  monotonie  way.  This  mueh-ine reased  daytime  scintillation 
|.  vel  at  Anchor-age  is  opposite  to  the  generally  reduced  level  observed  at  night  In 
this  amor,  The  nigh'time  and  daytime  boundarir-s  at  the  two  stations  are  shown 
in  lobular  form  in  Table  2.  Further  daytime-nighttime  comparisons  in  the  two 
si v c, rs  obse  ved  during  the  same  season  will  be  presented  in  the  next  section. 
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Flgurr  77.  Median  Daytime  Latitudinal  Distribution  In  Anchorage  Region  of 
Amplitude  Scintillation  Index  as  a  Function  of  Magnetic  Index  Kp 
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6.  LIMITED  SEASONAL  SCINTILLATION  COMPARISONS  AT 
GOOSE  BAY  AND  ANCHORAGE 


It  was  pointed  out  earlier  that  Wideband  data  at  Goose  Bay  exists  from  late 
January,  1979,  through  August  of  the  same  year  when  the  satellite  ceased  trans¬ 
mitting,  However,  at  Anchorage  the  data  starts  at  the  name  time  but  end*,  in 
April,  1979,  As  far  as  seasonal  comparisons  are  concerned  only  the  vernal 
equinox  behavior  can  be  compared  in  the  two  sector  s  ol  the  auroral  oval.  For 
Goose  Bay  it  Is  possible  to  study  the  vernal  equinox  and  summer  behavior  of 
scintillations.  While  the  equinox  comparison  at  the  two  stations  may  be  of 
interest  given  ih“  conflicting  long-term  behavior  in  the  two  sectors  (Figures  1 
•and  2),  the  v<  i  rial  equinox  and  surann'i  pattern  n*  Goose  Bay  during  high  sunspot 
conditions  may  turn  out  to  be  very  similar  as  was  observed  in  1 9 1>8  -  GO  for 
Nut  ssar  ssuaq  obser  vations.  It  is  unfortunate  that  a  full  year's  Wideband  obser¬ 
vation:-  are  noi  available  (torn  Goose  Bay. 

lo  make  the  lomparison  in  the  two  sectors  meaningful  we  have  plotted,  In 
Figures  78  and  79,  tin  nighttime  and  daytime  phase  scintillation  data  observed 
during  tlie  vernal  equinox  (29  January  through  30  April  1979)  at  the  two  stations 
under  quiet  magnetic  conditions  (Kp  •  3.5),  while  Figures  00  and  81  show  the 
same  data  during  magnetically  disturbed  conditions.  As  with  the  magnetic  activity 
study  prcaentod  in  Section  5,  we  have  put  together  data  from  all  three  corridors 
and  show  only  median  values  of  phase  scintillation  In  Figures  78  through  81  and  In 
•di  other  diagrams  to  b<  presented  In  this  section.  The  difference  In  phase  scln- 
ttllati  n  behavior  is  quite  hu  ge  tn  the  two  sectors,  the  relative  nighttime  and 
daytime  behavior  being  quite  different.  The  median  level  of  nighttime  phase  scin¬ 
tillation  is  much  higher  at  Goose  Bay,  while  the  opposite  is  the  situation  during 
the  daytime.  To  quantize  the  differences  in  terms  of  an  arbitrary  phase  scintil¬ 
lation  boundary  set  at  1  rad,  we  find  that  the  nighttime  boundary  Is  at  58°A  for 
Goose  Bay  and  B0°A  for  Anchorage.  Obviously  these  numbers  are  somewhat 
affected  by  the  geometrical  enhancement.  The  daytime  differences,  where  such 
geometrical  factor  has  little  or  no  effect  at  the  1  rad  level,  are  vivid  with  the 
boundary  being  at  70°A  for  Goose  Bay,  while  It  is  only  64°A  for  Anchorage. 

Indeed  poleward  of  65°A,  the  daytime  phase  scintillation  exceeds  the  nighttime 
level  in  the  Alaskan  sector.  This  particular  behavior  is  also  observed  at 
Anchorage  during  magnetically  disturbed  ttmes  (Figure  81),  while  nighttime 
phase  scintillation  always  exceeds  the  daytime  level  at  Goose  Bay  (Figure  80). 

The  four  corresponding  diagrams  for-  the  amplitude  scintillation  are  shown  tn 
Fig  'res  82  through  85.  Using  the  amplitude  scintillation  boundary  concept  with 
the  boundary  defined  at  ~  0.3,  as  In  Section  5,  we  find  the  nighttime  and  daytime 
Goost  Bay  sector  boundaries  for  quiet  magnetic  conditions  (Figure  82)  to  be  at 
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Figure  78.  Phase  Scintillation  Index  o^  Observed  During  the 
Vernal  Equinox  (22  January  through  30\Aprll  1979)  at  Goose 
Bay  as  a  Function  of  Invariant  Latitude  Under  Quiet  Magnetic 
Conditions  (Kp  <  3.  5)  Separated  Into  Night  and  Daytime 
Periods 


57°  and  70°A,  respectively.  These  compare  well  with  those  defined  In  terms  of 
the  phase  scintillation  boundary  of  1  rad.  The  corresponding  numbers  In  the 
Anchorage  Bector  are  given  by  63°  and  65°A.  There  Is  a  discrepancy  between  the 
nighttime  phase  and  amplitude  boundary  at  Anchorage  primarily  because  the  night¬ 
time  phase  boundary  Is  somewhat  artificially  lowered  by  the  geometrical  enhance¬ 
ment  near  80°A.  The  amplitude  sctntlllatlon  during  night  and  day  become  sensibly 
of  the  same  magnitude  polewards  of  66°A  for  quiet  times  (Figure  83)  and  pole- 
wards  of  63°A  for  disturbed  times  (Figure  85)  but,  the  daytime  values  do  not 
actually  exceed  the  nighttime  values  as  was  the  case  with  phase  scintillations 
(Figures  79  and  81).  The  Goose  Bay  amplitude  scintillation  behavior  follows  that 
of  the  phase  as  may  be  observed  by  comparing  Figures  78  and  80  with 
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Figure  79.  Phase  Scintillation  Index  Observed  During  the 
Vernal  Equinox  (22  January  through  3(TAprll  1979)  at  Anchorage 
as  a  Function  of  Invariant  Latitude  Under  Quiet  Magnetic  Con¬ 
ditions  (Kp  <  3.  5)  Separated  Into  Night  and  Daytime  Periods 


Figures  82  and  84,  respectively.  The  various  boundaries  are  summarized  In 
Table  3. 

The  differences  In  the  day-night  scintillation  behavior  at  the  two  stations  are 
probably  the  most  significant  results  to  emanate  from  this  comparative  study. 

The  reasons  for  such  differences  seems  quite  unclear  at  the  present  time.  Unfor¬ 
tunately,  Wideband  data  from  Poker  Flat  for  the  same  time  period  Is  not  avail¬ 
able.  The  data  would  have  helped  In  determining  whether  a  consistent  pattern  Is 
observed  at  Anchorage  and  Poker  Flat,  two  stations  almost  on  the  same  longi¬ 
tude  but  5°  apart  In  latitude. 

It  Is  very  encouraging  to  note  from  published  amplitude  scintillation  data 
from  Poker  Flat  (Rlno  and  Matthews,  I960)®  that  the  daytime  50  percent  exceed¬ 
ance  level  of  exceeds  the  nighttime  levels  poleward  of  approximately  67° 


117 


INVARIANT  LATITUDE 


Figure  80.  Phase  Scintillation  Index  a ^  Observed  During  the 
Vernal  Equinox  (22  January  through  30  April  1079)  at  Goose 
Bay  as  a  Function  of  Invariant  Latitude  Under  Disturbed  Mag¬ 
netic  CondHlons  (Kp  >3.5)  Separated  Into  Night  and  Daytime 
Periods 


Table  3.  Phase  and  S4  Boundaries,  Vprnal  Equinox  - 
Quiet  Magnetic  Condition  (Kp  <  3.  5) 


Phase 

S 

4 

Goose  Bay 

Anchorage 

Goose  Bay 

Anchorage 

Day 

70°A 

r.4°A 

70°A 

65°A 

Night 

58°A 

60°a 

57°A 

63°A 

ANCHORAGE  WIDEBAND  138  MHz  Kp>3.5 


Figure  81.  Phase  Scintillation  Index  o*  Observed  During  the 
Vernal  Equinox  (22  January  through  30  April  1979)  at 
Anchorage  as  a  Function  of  Invariant  Latitude  Under  Dis¬ 
turbed  MagneMc  Conditions  (Kp  >  3.  5)  Separated  Into  Night 
and  Daytime  Periods 


g 

dip  latitude  as  shown  In  Figure  86.  Rlno  and  Matthews  (1980)  do  not  point  out 
that  morning  scintillation  actually  exceeds  nighttime  scintillation  at  the  hlgh- 
latttude  end  but,  they  do  state  that  "a  significant  amount  of  daytime  morning  scln- 
tlllation  does  occur".  Figure  86  was  constructed  by  combining  the  nighttime  and 

Q 

daytime  plots  given  In  Figures  6  and  7  of  Rlno  and  Matthews  (1980)  and  la  very 
helpful  In  establishing  the  enhanced  level  of  daytime  scintillation  occurrence.  All 
data  obtained  during  the  year  May  1977  through  April  1978  were  used  for  the  graph, 
irrespective  of  the  level  of  magnetic  activity.  Over  most  of  the  latitude  Interval 
the  exceedance  statistics  v. ere  computed  on  a  large  number  of  20-sec  values  In 
each  2.  6°  latitude  bln.  sually  varying  between  500-1000.  The  fact  that  our  small 
data  base  at  Anchorage  follows  the  trends  of  the  much  larger  Wideband  data  bank 
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Figure  82.  Amplitude  Scintillation  Index  S.  Observed  During 
the  Vernal  Equinox  (22  January  through  30  Jlprll  1979)  at  Goose 
Bay  as  a  Function  of  Invariant  Latitude  Under  Quiet  Magnetic 
Conditions  (Kp  <  3.  5)  Separated  into  Night  and  Daytime  Periods 
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Figure  83.  Amplitude  Scintillation  Index  S*  Observed  During 
the  Vernal  Equinox  (22  January  through  30  April  1979)  at 
Anchorage  as  a  Function  of  Invariant  Latitude  Under  Quiet 
Magnetic  Conditions  (Kp  <  3.  5)  Separated  into  Night  and  Day¬ 
time  Periods 
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Figure  84.  Amplitude  Scintillation  Index  S4  Observed  During 
the  Vernal  Equinox  (22  January  through  30  April  1979)  at  Goose 
Bay  as  a  Function  of  Invariant  Latitude  Under  Disturbed  Mag¬ 
netic  Conditions  (Kp  >  3.  5)  Separated  into  Night  and  Daytime 
Periods 
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Figure  85.  Amplitude  Scintillation  Index  S4  Observed  During 
the  Vernal  Equinox  (22  January  through  30  April  1979)  at 
Anchorage  as  a  Function  of  Invariant  Latitude  Under  Dis¬ 
turbed  Magnetic  Conditions.  (Kp  >  3.  5)  Separated  Into  Night 
and  Daytime  Periods 
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Figure  86,  Amplitude  Seinl  lllaMon  Index  S4  at  Poker  Flat  During  1977-1978  as  a 
Function  of  Dip  Latitude  Separated  into  Day  and  Nighttime  Periods  (Rino  and 
Matthews,  I960)- 


is  ve’-y  reassuring  and  actual  physical  mrehanisn,9  for  such  longitude-dependent 
morning  irregularity  generation  have  to  be  sought, 

d  he  final  set  of  graphs  prerent  the  summer  (May  through  August,  1979)  scin¬ 
tillation  nattern  observed  at  Goose  Bay.  The  quiettime  phas-1  and  amplitude  scin¬ 
tillations  are  shown  in  Figures  87  and  89  and  the  disturbed  behavior  is  shown  in 
Figures  88  and  90.  'I  wo  factors  are  noticeable  In  comparison  with  Goose  Bay 
.spring  behavior:  1)  there  is  an  overall  slight  decrease  in  median  scintillation 
values  in  summer  and  2)  there  Ih  a  tendency  for  the  phase  srint illations  (Fig¬ 
ure!  87  and  88)  to  show  ar  increase  at  the  low -latitude  end.  The  decrease  in 
median  scintillation  values  ran  bes‘  be  described  by  determining  the  boundary 
location  ,ii  the  two  seasons.  We  have  already  noted  that  the  amplitude  boundary 
dol  ing  the  vernal  equinox  at  Goose  at  at  57°A  by  night  and  70°A  by  day 
(Flgur-  j2).  In  contrast,  the  corresponding  summer  boundaries  are  59° A  by 
night  nd  approximately  73°A  by  day.  During  disturbed  times  the  boundaries  are 
at  56°  and  67°,  respectively,  while  the  rummer  boundaries  are  at  56°  and  69°  as 
given  in  Table  4.  The  general  shape  of  the  curves  In  the  two  seasons  remains  the 
same.  The  low-latitude  enhancement  during  the  summer,  which  was  noticeably 
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Figure  07.  Phase  Scintillation  Index  Observed  During  the 
Summer  (May  through  August)  at  Goose  Bay  as  a  Function  of 
Invariant  Latitude  Under  Quiet  Magnetic  Conditions  (Kp  <  3.  5) 
Separated  into  Night  and  Daytime  Periods 


observed  from  this  small  data  set  primarily  in  phase  scintillation,  was  also  ob- 

c 

served  during  Hie  summer  nl  1  07 f!  in  Poket  Flat  data  (Kino  and  Matthews,  1900). 
However,  h  was  not  >bse i ved  at  Poker  Flat  during  elth<  r  the  1077  or  1078  vernal 
i  nninox.  Thus,  the  absence  oT  a  low-latitude  enhancement  at  Anchorage  during 
the  vernal  equinox  of  1070  is,  at  least,  eonaistent.  with  earlier  data  in  the  same 
sector.  Further  investigations  are  necessary  to  determine  whether  the  summer 
occurrence  of  enhanced -scintillat ions  tic, it  55'  A  is  in  anyway  related  to 
sporadir-L  ocru  rence  :  l  such  latitudes  (Basu  et  al,  1073’^). 


31,  Rasu,  S.  ,  Vesprini,  ILL.,  and  Aarons,  J.  (1073)  Field-aligned  ionospheric 
K-region  Irregularities  and  sporadic  L,  Radio  Sci.  8:235.  AFCRL-TH- 
73-0258,  AD  7(i0  853.  - - 


figure  88.  Phase  Scintillation  Index  oj,  Observed  During  the 
Summer  (May  through  August)  at  Goose  Bay  bh  a  function  of 
Invariant  Latitude  Under  Disturbed  Magnetic  Conditions 
(Kp  3.  5)  Sepnr:it--.|  into  Night  and  Daytime  Periods 


table  4,  Vernal  llquiuux  vs.  Summer  S.  Itouinlai  l<\s  j 
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Ft  ;ure  UP.  Amplitude  Scintillation  Index  S4  Ob3erved  During 
tlie  Summer  (May  througn  Augui  i)  at  Goose  Bay  .is  a  Function 
of  Invariant  Latitude  Under  Quiet  Magnetic  Condt'ions  (Kp  < 

3.  5)  Separated  Into  Night  and  Daytime  PerlodB 
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Figure  90.  Amplitude  Scintillation  Index  S4  Observed  During 
the  Summer  (May  through  AuguBt)  at  Gooae  Bay  as  a  Function 
of  Invariant  Latitude  Under  Disturbed  Magnetic  Conditions 
(Kp  >3.5)  Separated  into  Night  and  Daytime  Periods 
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7.  CONCLUSIONS 


Phase  and  amplitude  scintillation  measurements  from  two  widely  separated 
auroral  stations  have  been  presented.  While  the  primary  objective  of  this  report 
was  to  determine  the  scintillation  statistics  at  the  two  stations,  which  would  be 
helpful  to  users  in  planning  their  individual  Bystem  requirements,  features  of 
considerable  scientific  Interest  were  also  observed  which  need  further  study. 

The  findings  which  fall  in  this  latter  category  are:  1)  the  existence  of  L-shell 
aligned  sheets  in  the  daytime  and  21  the  existence  of  a  significant  amount  of 
daytime  scintillations  in  the  Alaskan  sector  at  latitudes  ~65°A.  To  emphasize 
thpse  findings  we  show  In  Figure  91  the  phase  scintillations  observed  during  four 
individual  daytime  passes  In  the  western  corridor  of  the  Alaskan  sector  that  show 
large  geometrical  enhancements  as  well  as  large  "source1'  enhancements  at  lati¬ 
tudes  greater  than  fill>A.  The  large  values  of  the  lirlggs- Pa rkln  (BP)  angle 
clearly  indicate  that  these  passes  are  off  the  magnetic  meridian  plane.  Such  en¬ 
hancements  were  observed  In  more  than  half  of  the  passes  In  the  western  corridor 
as  mentioned  earlier.  Goose  Bay  sector  passes  bIso  rlearly  showed  evidence  of 
such  off-overhead  geometrical  enhancements  when  irregularities  were  present 
equator-ward  of  the  station,  particularly  in  the  eastern  sector. 

The  existence  of  a  longitudinally  vr. •  y.j  daytime  Irregularity  source  approxi¬ 
mately  10°  equatorward  of  the  dayslde  auroral  oval  Ib  quite  Intriguing.  In  the 
Alaskan  sector,  coordinated  C'hatanlka  radar  and  scintillation  measurements  using 
2  50  -  M 11  z  beacons  and  the  GPS  constellation  of  satellites  ar  e  planned  for  November, 
1981,  to  study  these  problems  further.  It  will  be  quite  Important  to  determine 

*J  11 

whether'  the  cur  rent  -convert  ivc  instability  (Ossakow  and  Chuturvedl,  1979 
C'haturvedi  and  Ossakow,  1979'*'*;  Vickrey  et  al,  1980'*'*)  and  the  K  X  B  Instability 

that  have  been  postulated  to  explain  nighttime  selnt lUntlons  (Rlno  and  Owen, 

31  35 

1980  ;  Hinn,  1981'  )  are  also  valid  mechanisms  for  daytime  Irregularity  genera¬ 

tion. 

Ah  fat-  as  the  user  is  concerned,  the  most  notable  feature  has  been  the  longi¬ 
tudinal  difference  observed  dur  ing  the  same  Br.ison  (vernal  equinox)  of  the  relative 
daytime  and  nighttime  love’s  oT  nhase  and  amplitude  scintillations  at  the  two 

32.  Ossakow,  S,  I,,  and  C’haturvedi,  P.  K.  (1979)  Current  convective  Instability 

in  the  diffuse  aurora,  Geophys,  Res,  Lett,  6:332. 

33.  C'haturvedi,  P.  K.  and  Ossakow,  S.  L.  (1979)  Nonlinear  stabilization  of  the 

current  convective  Instability  In  the  diffuse  aurora,  Geophys.  Res.  Lett. 
6:957.  - * - 

34.  Vickrey,  J.F.,  Rlno,  C.L.,  and  Potemra,  T.A,  (1980)  Chatanlka  Triad 

observations  of  unstable  Ionization  enhancements  In  the  auroral  F-reglon, 
Geophys.  Res.  Lett.  7:789, 

35.  Rlno,  C.  L.  (1981)  Private  communication. 
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stations.  The  diDr retires  arc  large'  t-nough  to  warrant  more  measurements  of  this 
kind  to  provide  realistic*  inputs  to  user-oriented  models  currently  under  develop- 
merit  (Aarons  et  al,  1980  l  i  emouw  and  l.unsinger,  1981  ).  Finally,  It  ought 

to  be  pointed  out  tluct  these  measurements  were  carried  out  at  the  highest  part  of 
the  current  sunspot  cycle-.  It  is  important  to  estimate-  the  effect  of  the  sunspot 
cycle  on  scintillations  with  the  help  ol  long-term  measurements. 

A  sequel  to  this  report  will  present  phase  and  amplitude  scintillation  statistics 
ohtaine-d  atUoose-  li.ey  with  the  geostationary  sntedltte  Fleetsatcom  transmitting  at 
244  MHz.  The-  geostationary  orbit  will  allow  the  determination  of  a  complete 
diurnal  pattern  of  sm  h  statistics. 
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Figure  91.  Individual  Daytime-  Hasses  in  the  Western  Corridor  from  Anchorage 
Showing  Daytime*  Geomet  rie.-el  enhancement 


30.  Aarons,  J.,  MacKenz.le,  F, ,  and  Bhavnanl,  K.  (1B80)  High  latitude  analytical 
formulas  for  scintillation  levels,  Radio  Scl.  15:115.  AFGD-TR-80- 
0144,  AD  A084  299. 
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